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Threshold shifts in chinchillas exposed to octave bands of 
noise centered at 63 and 1000 Hz for three days')- 
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Audiograms were obtained on eight binaural chinchillas trained on a shuttlebox avoidance procedure. Four 
of the animals were exposed to three successive levels of an octave band of noise centered at 63 Hz: 100 
dB SPL (74 dBA), llO dB SPL (84 dBA), and 120 dB SPL (94 dBA), The other four animals were 
also exposed to three successive levels of an octave band of noise centered at 1000 Hz: 75 dB SPL (75 
dBA), 85 dB SPL (85 dBA), and 95 dB SPL (95 dBA). All exposure durations were 72 h, Little 
threshold shift (TS) resulted from the lower two exposure levels of the 63-Hz noise band. At the 120-dB 
exposure level, maximum TS of 43 dB occurred at 2000 Hz. Permanent threshold shifts (PTgs) of 16 dB 
a~ 2(X30 IIz and I 1 dB at 1400 Hz were fimnd. Exposure to the three levels of the 1000-Hz noise band 
pn~luccd TSs of 20, 45, and 61 dB at 1400 Ilz. The 95-dB exposure level resulted in PTSs of 6 dB at 
1400 Hz and 0 dB a! 2000 Hz. The major results were (i) high-fr~equency hearing Iou to.a Iow-frequeucy 
.else and (2) th;Lt noise ba=lds matched within I dBA were not equally hazardous all dictated by damage- 
risk criteria, The 63-Hz noise band produced nearly twice as much PTS as the 1000-Hz noise band. 

PACS numbers: 43.66.Ed, 43.66.Gf, 43.80.Lb 

INTRODUCTION 

While the re  have been many s tudies  on the e f fec t s  of  
noise  on hear ing,  l i t t le has been done with no i ses  domi -  
nated by h)w-frequency energy .  The e m p h a s i s  of r e -  
s e a r c h  to date has e i the r  been with wide bands of no ise  
or  octave bands of noise  with cen te r  f r equenc i e s  of 500 
ltz and above. There  a r e  s eve ra l  r e a sons ,  however ,  
why the e f fec ts  of noise bands having cen te r  f r equenc i e s  
below 500 llz should be studied.  

F i r s t ,  all d a m a g e - r i s k  c r i t e r i a  (DRC) a r e  cu r r en t ly  
e x p r e s s e d  in t e r m s  of dBA levels  r a t he r  than unweighted 
octave-b 'md levels .  The effect  of A-weight ing  is to de -  
emphas i ze  the leve ls  of low-f requency sounds .  Leve l s  
a re  reduced by A-weight ing  by as  much as  70 dB at 10 
Hz, to 26 dB at  63 Hz, to as  l i t t le as  0. 8 dB at  800 Hz 
(ANSI, 1971). By specifying DRC in t e r m s  of A-we igh t -  
ed levels ,  the implici t  a s sumpt ion  is that h igh- leve l ,  
h)w-frequency sounds a r e  not as  harmful  to hear ing  as  
a r e  high- level ,  h igh-f requency sounds.  We know that 
loudness ,  annoyance,  masking , and speech  i n t e r f e r e n c e  
:ill i n c r e a s e  substant ia l ly  when very  low f r equenc i e s  
r each  suff ic ient  levels .  It s e e m s  that  the s a m e  ef fec t  
could occur  with th reshold  shif ts .  

Second, mos t  hear ing p r o t e c t o r s  c h a r a c t e r i s t i c a l l y  
provide  poor  at tenuation at low f requenc ies .  C o n s e -  
quently, it is more  difficult to p ro tec t  hear ing  f rom 
high-intq~nsity, low-f requency  sounds than f r o m  high- 
intensi ty ,  h igh-f requency sounds.  

Third,  a dear th  of informat ion ex i s t s  concern ing  the 

a)hl conducting the resc~.,'ch dr:scribed In this report, the In- 
vestigators adhered to the "Guid(~ for tim Care and Uuc of 
Lalx)ratory Anim'ds," as promulgated by the Committee on 
Itcvision ot the Gukie for Laboratory Animal Facilities and 
Care o1" the [,stitute of Laboratory Animal ResourCes, Na- 
tional Research Council. These results were presented at 
the 93rd Meeting of the Acoustical Society of America 
[,I. Acoust. See. Am. 61, S 78(A) (1977)]. 

e f fec t s  of h igh- in tens i ty ,  low-f requency  noise  on h e a r -  
ing. 

The p r e s e n t  e x p e r i m e n t  p rov ides  data r e l evan t  to these  
i s s u e s .  

I. M E T H O D S  A N D  PROCEDURES 

A. S.bj~cts 
The sub jec t s  w e r e  e ight  male ,  b inaural  ch inchi l las  

that  ranged f rom 11 to 32 months  of age at the s t a r t  of 
the e x p e r i m e n t .  The ch inchi l las  w e r e  p u r c h a s e d  f rom 
a local fur  r a n c h e r .  

B. Apparatus 

1. Audiometr ic  

Behav io ra l  tes t ing  was done in a 1200 Ser ies  Indus-  
t r i a l  Acous t i c s  Company (IAC) sound room.  A double 
g r i l l e  cage s i m i l a r  to that  d e s c r i b e d  by Mi l l e r  (1970) 
was  located in the cen t e r  of the room.  The cage was 
cons t ruc t ed  of ~-in.~ (0. 64 cm) s t a i n l e s s - s t e e l  rod and 
was  18 in. (46 cm) long, 7 in. (18 cm) wide,  and 9 .5  in. 
(24 cm) deep.  A b a r r i e r  1 in. (2.5 cm) high divided the 
cage into two c o m p a r t m e n t s .  A light bulb mounted in a 
block of P l ex ig l a s  was  a t tached to each  s ide  of the b a r -  
r i e r .  A meta l  f r a m e  suppor t ed  the cage so that  the c e n -  
t e r  of the cage was  30 in. (76 cm) above the f loor  of the 
room.  On one s ide  of one c o m p a r t m e n t  w e r e  mounted 
t h r e e  sma l l  l ights  (type 222) and on the opposi te  s ide  
w e r e  mounted t h r e e  photoce l l s .  These  photoce l l s  were  
used  to de t ec t  the location of the an imal  in the cage.  A 
TDH-39 ea rphone  was  mounted n e a r  the cen te r  of the 
cage and was  u s e d  to d e l i v e r  a 250-Hz squa re  wave s i g -  
nal which s e r v e d  a s  an e l e c t r o n i c  buzze r .  P u r e  tone 
t e s t  s igna l s  w e r e  d e l i v e r e d  through a cab ine t -mounted ,  
15-in. (38 cm) coaxial  loudspeaker  (Altec 418B) which 
was  p laced  on the f loor  of the room with i t s  d iaphragm 
o r i en t ed  at  a 45 = angle  to the cage and 36 in. (91 cm) 
f rom the cage.  Th is  conf igurat ion provided the m o s t  
un i fo rm sound f ie ld  within the t e s t  cage.  
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A H e w l c t t - P a c k a r d  imshbutton osci l i : t tor  (model 241A), 
a t l e w l e t t -  Packard  a t t enua to r  (model 3501)), ,md a 
Crown :uupl i f ie r  (model DC300) were  used  to g e n e r a t e  
and adjus t  the s ignal  level .  The s igna l s  we re  exponen-  
t ia l ly gated by a c i r cu i t  u t i l iz ing  an Analog Devices  
531L1 mul t ip l i e r .  The cont ro l ,  dur: t t ion,  and s e q u e n c -  
ing of events, as well as response recording, were ae-  
COml)lished with a P roLog  PLS 401 n l i c ro l ) r , ) cesso r .  
The sut) jects  were  o b s e r v e d  on c lnsed  c i rcu i l  t e l ev i s ion .  

2. Exposure 

Broadband noise was generated by a Br~el and Kjser 
(B & K) random noise generator (type 2402) and passed 
through an octave-band f i l t e r  set (B &K type 1612). 
Leve ls  were  con t ro l l ed  by an  Altec 1590B amplifier. 
The level  of the noise  bands  was  cont inuous ly  m o n i t o r e d  
with a B &K level  r e c o r d e r  (type 2305) and the  s p e c t r a  
of the noise  bands  we re  checked in the sound f ield a t  
l eas t  twice daily by us ing  a t i m e  s e r i e s  a n a l y z e r  (Time 
Data model  1923A). The sub j ec t s  we re  exposed  to the  
noise  bands  in a 1200 s e r i e s  IAC sound room which  had 
been modified by cove r ing  i t s  wal l s  and ce i l ing  wi th  t e m -  
pe red  mason i t e .  The no ise  bands  were  d e l i v e r e d  to the  
room through four Al tec  9844A s p e a k e r  s y s t e m s ;  a to ta l  
of eight,  15-in.  l oudspeake r s .  F o u r  ch i nch i l l a s  w e r e  
p laced  in individual  c o m p a r t m e n t s  of a cage c o n s t r u c t e d  
of ha rdware  cloth.  The d i m e n s i o n s  of e ach  c o m p a r t -  
ment  were  12 in. (30 cm) long, 7 in. (18 cm)  wide,  and 
7 .5  in. (19 cm) high, and the d i m e n s i o n s  of the to ta l  
cage  were  24 in. (61 cm) long, 14 in. (36 cm)  wide,  and 
7 .5  in. (19 cm) high. 

C. Training and testing procedures 

I. Threshold testing 

Before t h r e s h o l d s  we re  d e t e r m i n e d ,  the  sound f ield 
within the double g r i l l e  cage  was ca re fu l ly  c a l i b r a t e d  
us ing  an a r r a y  of four  B &K ~-in .  c o n d e n s e r  m i c r o -  
phones  (type 4134). The level  of each  f r equency  was  d e -  
t e r m i n e d  at 36 loca t ions  within the cage.  The m e a n  and 
med ian  sound p r e s s u r e  l e v e l s  fo r  e ach  f r equency ,  a s  
well as  the r ange  and the s e m i - i n t e r q u a r t l l e  r a n g e  a r e  
given in Table  I. These  va lues  a r e  c o m p a r a b l e  to those 
r e p o r t e d  by Mi l l e r  (1970). 

During the f i r s t  s tage  of t r a i n i n g  the  s u b j e c t s  w e r e  
p r e s e n t e d  a pure  tone wi th  a du ra t i on  of 3 .84  s .  If the  
an ima l  c r o s s e d  f rom one c o m p a r t m e n t  to the  o t h e r  d u r -  
ing th i s  in t e rva l ,  e l e c t r i c  shock was  avoided.  The e x -  
ecut ion of an avoidance  r e s p o n s e  r e s u l t e d  in the  f r a m e -  

TABLE I. Means, medians, ranges, and semi-interquart l le  ranges (SIQRs) of melJ~reme~ts  
made at 36 locations within the double grille cage. Measuremen~ made with 10-dB ICttonultUon 
in audiometric circuit.  

d ia te  t e r m i n a t i o n  of the s igna l  and the i l l umina t ion  of 
the l igh ts  at  the b a r r i e r  for  1 .28 s .  If the  a n i m a l  
fa i led to c r o s s  f rom one c o m p a r t m e n t  t o  the  o t h e r  d u r -  
ing the 3 . 8 4 - s  s igna l  p r e sen t a t i on ,  ac shock at  a n o m i -  
nal  c u r r e n t  l eve l  of 0. 7 mA and b u z z e r  w e r e  s i m u l t a -  
neous ly  p r e s e n t e d  unt i l  the  c r o s s i n g  r e s p o n s e  (escape  
r e s p o n s e )  o c c u r r e d .  The e s c a p e  r e s p o n s e  r e s u l t e d  in 
the i m m e d i a t e  t e r m i n a t i o n  of shock,  b u z z e r ,  and the  
aud i to ry  s igna l ,  and the 1 . 2 8 - s  i l lumina t ion  of the  b a r -  
r i e r  l ights .  The  s u b j e c t s  r e c e i v e d  f ive s e s s i o n s  dur ing  
th i s  s tage  of t r a in ing .  Each  s e s s i o n  cons i s t ed  of two 
p r e s e n t a t i o n s  of e ach  of the  e igh t  f r e q u e n c i e s  f o r  which 
t h r e s h o l d  was  to be d e t e r m i n e d  for  a t o t a l  of 16 t r i a l s  
p e r  s e s s i o n .  T r i a l s  w e r e  p r e s e n t e d  e v e r y  60 s on the  
a v e r a g e  ( range,  4 5 - 7 5  s).  T h e  in tens i ty  of the  tones  
was  u n s y s t e m a t i c a l l y  v a r i e d  f r o m  t r i a l  to  t r i a l  o v e r  a 
15-dB r a n g e  (60-75  dB SPL).  

The s u b j e c t s  r e c e i v e d  f ive s e s s i o n s  in the next  s tage  
of t r a in ing .  The only changes  w e r e  a g r adua l  r educ t ion  
of the a v e r a g e  l n t e r t r i a l  i n t e r v a l  f rom 60 to 20 s and 
the  i n t e n s i t i e s  of the t ones  v a r i e d  o v e r  a 40-dB r ange  
(50 -90  dB).  

The f inal  t r a in ing  s tage  cons i s t ed  of two s e s s i o n s .  
The only change  was  the  in t roduc t ion  of pulsed  tones .  
Each  t r i a l  c o n s i s t e d  of t h r e e  tone pu l se s  wi th  7 2 0 - m s  
on t i m e s  s e p a r a t e d  by 5 6 0 - m s  off t i m e s ~  The avoidance  
r e s p o n s e  i n t e r v a l  e l apsed  at  the  onse t  of the  four th  tone 
pu lse  which  o c c u r r e d  $. 85 s a f t e r  t r i a l  onse t .  The tone 
pu lse  had an  exponen t ia l  r i s e  and  decay  funct ion wi th  a 
f i r s t  t i m e  conefl~nt (63% full  on) of 14 m s .  

T h e  f r e q u e n c i e  m t e s t ed  we re  0 .063 ,  0; 09, 0. 125, 0 .5 ,  
1 .0 ,  1 .4 ,  2 .0 ,  and  4 . 0  kHz. T h r e s h o l d  s for  t h e s e  f r e -  
q u e n c i e s  w e r e  d e t e r m i n e d  u s i n g  a modif ied  method  of 
l i m i t s  (Mil le r ,  1970). On the f i r s t  t r i a l  of a t h r e s h o l d  
d e t e r m i n a t i o n ,  the  s igna l  was  p r e s e n t e d  a t  a l eve l  of 
about  70 d B  SPL.  If  the  tone was  c o r r e c t l y  r e sponded  
to, the l eve l  was  d e c r e a s e d  by 20 dB and ano the r  t r i a l  
was  p r e s e n t e d .  Th i s  cont inued  un t i l  the  sub jec t  fa i led 
to make  an  avo idance  r e s p o n s e .  On the  t r i a l  fol lowing 
a m i s s ,  the l e e s |  of the  tone was  i n c r e a s e d  10 dB and 
the  t h r e s h o l d  was  t aken  as  the  l eve l  halfway between the  
lowes t  l eve l  a t  which  the  sub jec t  c o r r e c t l y  r e sponded  
and the  h ighes t  l eve l  a t  which  i t  fa i led  to  r e spond  to the  
s igna l .  A f t e r  enough da ta  w e r e  co l l ec ted  to e s t i m a t e  an  
a n i m a l ' s  t h r e s h o l d ,  a t h r e s h o l d  va lue  which was  d i s -  
c r e p a n t  f r o m  tha t  e s t i m a t e  by 1§ dB or m o r e  was  d i s -  
c a r d e d  and a second  d e t e r m i n a t i o n  was  made .  The  
t h r e s h o l d  obta ined  on the  second d e t e r m i n a t i o n  was  e l -  

Frequency (kHz) 
0.063 0.09 0.125 0.25 0.5 1.0 4.0 1.4 2.0 8.V 8.0 

Median a 80.1 97.6 92.1 95.2 102.7 98.2 108.0 108.8 93.1 90.2 68.8 
Mean a 80.6 9 7 . 4  92,1 94.8 102.8 98.0 102.8 108.2 92.2 89.8 68.6 
Range b 7.1 6.7 7.7 7.7 4.2 12.8 6.8 10.0 14.6 14.4 14.2 
SIQR b 2.8 1.8 3.5 2.8 1.5 1.1 1.6 2.5 6.0 4.6 5.6 

aMeans and medians are in dB SPL re. 20 PPa. ~Range and semi-tntcrquart l le  range are in dB° 
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ways accepted .  A sham t r i a l  a lways  foilowed the l a s t  
t r i a l  of e:tch th re sho ld  d e t e r m i n a t i o n .  Th i s  was  done 
to get  an e s t i m a t e  of the r a t e  of " s pon t aneous  r e s p o n d -  
ing ."  These  t r i a l s  we re  ident ical  to r e g u l a r  t r i a l s  ex -  
cept that  the o s c i l l a t o r  was  unplugged f ront  the c i r cu i t  
and shock and buzze r  were  tu rned  off. 

On tho.~e | r i : t l s  nen r  th resho ld ,  shock was p r e s e n t e d  
in t e rmi t t en t ly .  However,  the b u z z e r  was a lways  p r e -  
~ented and appea red  to function as  a potent  s e c o n d a r y  
r e i n f o r c e r  making it n e c e s s a r y  to shock the  a n i m a l s  at  
sub th r e sho l d  l eve l s  only on a s m a l l  p ropor t ion  of the  
t r i a l s  (5-10%). 

2. Exposure conditions 

The eight  sub j ec t s  we re  divided u n s y s t e m a t i c a l l y  into 
two groups  of four anim~ils." One goal  of the p r e s e n t  ex -  
p e r i m e n t  was  to d e t e r m i n e  if bands  of no i se  which we re  
n e a r l y  equal  in A-we igh ted  level  but had l a rge  d i s c r e p -  
~mcies in oc t ave - band  level  (OBL) would have s imiLar  
e f fec ts  on the abso lu te  hea r ing  t h r e s h o l d  of the c h i n c h i l -  
la. Two oc tave  bands of noise  were  s e l ec t ed  which ful-  
filled these  r e q u i r e m e n t s :  an oc tave  band c e n t e r e d  at  
63 Hz and an oc tave  band cen te red  at  1000 Hz. In the 
convers ion  f rom OBL to A-we igh ted  level  a t  63 Hz, the 
OBL is reduced  by 26 dB, while  the OBL and A-we igh ted  
level  .~t 1000 Hz a r e  equal  (ANSI, 1971). T h e r e f o r e ,  
when these  t w o n o i s e  bands  a r e  equated in A-we igh ted  
level  they have a 26 dB d i f f e rence  in OBL. The s p e c -  
t ra l  c h a r a c t e r i s t i c s  of the two no ise  bands  as  m e a s u r e d  
in the sound field,  a r e  shown in Fig.  1. r The h ighes t  

h a r m o n i c  of the 63-Hz band o c c u r r e d  a t  about  200 Hz  
and was 40 dB down f rom the  peak  of the  noise .  All  
o t h e r  h a r m o n i c s  w e r e  e i t h e r  75, 80, o r  g r e a t e r  than  
80 dB down f rom the peak.  The l e v e l s  of the  no ise  we re  
c a l i b r a t e d  a t  e ach  of the four  c o r n e r s  and the  c e n t e r  of 
the e x p o s u r e  cage.  The l eve l s  of both  of the  no ise  bands  
w e r e  u n i f o r m  ± 2 dB a c r o s s  t h e s e  five loca t ions .  

T h r e s h o l d  sh i f t  (TS) has  been  found to grow m o n o -  
ton ica l ly  dur ing  the  f i r s t  24 h of e x p o s u r e  and to r e a c h  
a p la teau  o r  a s y m p t o t e  s h o r t l y  t h e r e a f t e r  (e. g . ,  C a r d e r  
and M i l l e r ,  1971, 1972; Mi l l s  and  Talc ,  1972; Mi l l s ,  
1973). T h e r e f o r e ,  in o r d e r  to m a x i m i z e  the  pos s ib i l i t y  
tha t  a s y m p t o t i c  t h r e s h o l d  sh i f t  0kTS) was  a t t a ined ,  the  
e x p o s u r e  d u r a t i o n s  in th i s  s tudy w e r e  a l l  72 h. 

The s u b j e c t s  exposed  to the  63-Hz o c t a v e - b a n d  no ise  
(OBN) w e r e  f i r s t  exposed  a t  a l eve l  of 100 dB SPL,  then 
at  110 dB SPL,  and f inal ly  at  120 dB SPL.  The s u b j e c t s  
exposed to the 1000-Hz OBN w e r e  exposed  to s u c c e s s i v e  
l eve l s  of 75 dB SPL,  85 dB SPL,  and 95 dB SPL,  D u r -  
ing e x p o s u r e  the g rowth  of TS was  m e a s u r e d  at  i n t e r -  
va l s  of  4, 8, 12, 24, 48, and 72 h. At  each  i n t e r v a l  the 
s u b j e c t s  we re  r e m o v e d  f rom the  no i se  for  15 rain.  D u r -  
ing the  f i r s t  2 rain the  a n i m a l  sa t  in  the  t e s t  cage.  Two 
t h r e s h o l d  d e t e r m i n a t i o n s  w e r e  then  made  at  the  f r e q u e n -  
cy a p p r o x i m a t e l y  o n e - h a l f  oc tave  above  the  c e n t e r  f r e -  
quency  of the  e x p o s u r e  band (90 and 1400 Hz, r e s p e c -  
t ively) .  T h e s e  two m e a s u r e m e n t s  w e r e  done f rom 
m i n u t e s  2 to 6 and w e r e  a v e r a g e d  to d e r i v e  a TS4 m e a -  
s u r e .  Dur ing  m i n u t e s  6 - 1 4 ,  one t h r e s h o l d  m e a s u r e -  
men t  was  made  at  63, 90, 125, and §00 Hz f o r  the  63- 
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FIG. 1. Power spectrum character is t ics  
of the octave bands of notse used for ex- 
posure as measured in the sound field. 
Panel A depicta the octave band with a 
center frequency of 68 Hz and panel B 
depicts the octave band with a center  
frequency of 1000 Hz. 
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I Iz  ()I+N su|+iects a n d ' i t  t . 0 ,  t . 4 ,  2 .0 ,  and 4 . 0  kHz  f o r  
tit(, l . O - k l l z  OBN subjec ts .  These  f r e q u e n c i e s  were 

l es |ed  ill randt)m o r d e r .  The at+n<)t, nl (if sh i f t  at  these  " 
frcquen( ' ies  was in te rpre ted  ;Is 'l'Si0 (TS an average  of 
l0 rain a f t e r  removal  from the noise) .  The sub jec t s  
were  then re tu rned  to the noise  during the f i l teenth 
minute ()f the teal per iod.  Af te r  the 4-h l es t  the an ima l s  
were  re tu rned  In the noise and remained  in tim noise  
for four morc hours before the 8-I~ Lest and st) o,i. The 
lesl schedule was .'idjusted by 15 rain each time during 
exposure so {hal the animals had received an actual ex- 
})()sure of tim staled amount of time. The recovery time 

~iven the 63-Hz OBN proup l)etween exposures was nine 
(lays l)etween I00 and If0 d13, and 77 days between 
ll0(II~and !20 dR. The recovery Lime given the 1000- 
IIz 0BN ?rc)uj)l)eiwccn exposures was 13 days between 
75di} and 85dI~, and 66 days between 85dBand 95 dR. 
All four :mimals in each group were simultaneously ex- 
posed .in the four compartment exposure cage. The cage 
was regularly related 180 ° so that the location of the 
sul)iects was sol fixed throughout the exposure .  

3. Recovery conditions 

After  72 h the an imal s  were  r emoved  f rom the no ise  
and tes ted.  Thresho lds  were  d e t e r m i n e d  at i n t e rva l s  of 
4, 8, 12, 24, 48, and 72 h as  well  as at r egu la r  i n t e r -  
vals  for  longer pe r iods  of t ime  as r equ i r ed  for  e i t h e r  
complete r e cove ry  or  asympto t ic  r e c o v e r y  to be a t ta ined,  
During the r ecovery  cycle a comple te  audtogram at all 
eight f r equenc ies  was obtained at each  r e c o v e r y  i n t e r -  
val. 

I I .  R E S U L T S  

A. Preexposure audiograms 

All subjects correctly performed the avoidance re-  

sponse at a level of 90%)-100% within four to seven ses-  
sions (64-I12 trials). This acquisition time is compara- 
ble to that reported elsewhere (Saunders, Mills, and 
Miller, 1977), and again indicates the speed with which 
the (~hinchilhl learns a shuttle avoidance response. 

The amounl of TS is each  exposure  was d e t e r m i n e d  
by taking the d i f l e rence  between base l ine  t h r e s h o l d s  and 
th resho lds  during exposure  and r ecove ry .  Base l ine  
th resho lds  were  de t e rmined  p r i o r  to each of the t h r e e  
exposu res .  This  was done to a s s u r e  adequate r e p r e s e n -  
t a t i o n  of the an ima l s '  hear ing at the s u c c e s s i v e  l eve l s  
of exposure .  The base l ine  audiogram for  the f i r s t  e x -  
p o s u r e  condition was  the ave rage  of f ive aud lograms  and 
for  the second and th i rd  e x p o s u r e s  was the ave rage  of 
t h r e e  audiograms.  All base l ine  aud iog rams  were  e s -  
sent ial ly the s ame .  The aud iograms  depic ted  in panels  
A and B of Fig.  2 a r e  the ave rage  t h r e s h o l d s  over  all  of 
the basel ine  aud iograms .  Pane l  A shows the audiograms 
for the two groups.  Each th resho ld  point in each  group 
is the ave rage  of 44 m e a s u r e m e n t s  (4 s u b J e c t s × l l  audio- 
g rams) .  There  was e s sen t i a l ly  no d i f fe rence  between 
the two groups .  The audiogram for  all  e ight  sub jec t s  
( 'ombined is shown in panel B of Fig.  2. Each data 
point is based on 88 th resho ld  m e a s u r e m e n t s .  The v e r -  
t ical  ba r s  r e p r e s e n t  one s t andard  deviat ion above and 
below the mean. Also shown a re  the t h r e s h o l d s  f o r  
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monaural chinchi l las  r epo r t ed  by Mil le r  (1970). ' The 
audiogram for  the binaural  an imals  of the p r e s e n t  study 
c lose ly  r e s e m b l e s  that  for  M i l l e r ' s  monaura l  an imals .  
The audiogram is a lso  comparab le  to the average  audio- 
g ram r ep o r t ed  by Mi l le r  for  two groups  of binaural  an i -  
ma l s .  The var iab i l i ty  of the p r e s e n t  th resho ld  m e a s u r e -  
ments  is a lso  comparab le  to the m e a s u r e m e n t s  made 
by Mil le r .  

The f a l s e - a l a r m  ra t e  during the p r e e x p o s u r e  t h r e s h -  
old d e t e r m i n a t i o n s  fo r  the sub jec t s  exposed to the 63- 
Hz noise  band was 0.11 and for the sub jec t s  exposed  to 
the 1000-Hz noise  band was 0.12.  Both g roups  had 
f a l s e - a l a r m  r,;ttes of 0. 11 dur ing the exposure  and r e -  
covery  p h as e s  of the expe r imen t .  This  indica tes  that  
the two groups  were  comparab le  in t e r m s  of a low-level  
of spontaneous  act ivi ty,  and that  the i r  behavior  did not 
change during the exposure  and r e c o v e r y  phases  of t h e  
study, 

B. Exposure to  octave-band noise centered at  6 3  Hz  

1. Growth of TS 

The growth of TS4 at 90 Hz for  the t h r e e  exposure  
leve l s  is  shown in Fig.  3. The 100 dB exposure  level  
fa i led to produce  any TS 4 with the maximum shif t  (TSm=x) 
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m easu red  being 2 dB. The maximum amount of TS 4 
measu red  for the l l 0 - d B  exposure  level was  5 dB. ,Both 
of these  sh i f t s  were  within the range Of m e a s u r e m e n t  
e r r o r  and indicate that e s sen t i a l ly  no TS 4 o c c u r r e d  at 
90 Hz in the 10O-dB exposure  and that  p e r h a p s  a ve ry  
sma l l  amount of TS~ ,~ccurred at 90 Hz in the l l 0 - d B  
exposure ,  h} the 120 dB SPL exposure ,  8 dB of TS 4 de -  
veloped during the f i r s t  24 h and 21 dB had developed 
at 72 h. Unlike TS 4 to higher  f requency bands of no ise  
( e . g . ,  Ca rde r  and Mil ler ,  1971, 1972; Mills ,  1973), 
asymptot ic  shift  was apparent ly  not r eached  in 24 h. If 
the 21-dB shift  at  72 h is a s sumed  to be maximum and 
to re f lec t  Ihe f i r s t  m e a s u r e m e n t  at asymptote ,  then the 
value of the f i r s t  t ime constant  of the growth of TS 4 is  
approximate ly  36 h. If the 21-dB shift  is ,  in f ac t ,  be -  
low asympto lh '  level,  then the t ime  cons tant  b e c o m e s  
even longer.  In e i the r  case ,  the t ime  constant  of growth 
of 36 h is cons iderab ly  longer  than p rev ious ly  r e p o r t e d  
for the chiachill; t  (Carde r  and Mil ler ,  1972). The f i r s t  
t ime constants  of growth and r e c o v e r y  for  all condi t ions  
showing TSs a r e  given in Table  II. 

The level of TS at each of the eight f r equenc ie s  at the 
te rminat ion  of the 72 h exposu re s  is  shown in F ig .  4. 
For  tile 100- ;rod l l 0 - d B  exposure  leve ls  l i t t le  T$ o c -  

FIG. 4. Threshold shifts between 0. 063 and 4.0 kHz after a 
three-day exposure to octave-band noise with a center frequency 
of 63 Hz at three exposure levels. 

c u r r e d  at  any of the eight f r equenc ie s  t es ted .  The p o s -  
s ib le  except ion  may have been at  4 .0  kHz, but again,  
only a sma l l  TS o c c u r r e d .  On the o the r  hand, the TS 
produced  by the 120-dB exposure  level  a c r o s s  f requency  
was  la rge .  F r o m  the f r equenc i e s  of 63-500 Hz, the 
amount of TS was  about 20-dB. T h e r e  was a sha rp ,  un-  
expec ted  i n c r e a s e  in TS at  1.0 to 4 . 0  kHz with the TS, ,x 
of 43 and 41 dB a t  2 .0  and 4 . 0  kHz, r e s p ec t i v e ly .  
Unlike any p rev ious  f indings with the chinchi l la  that we 
a re  aware  of, the f requency  region  of T S ~  was  not 
found one -ha l f  to one octave above the cen t e r  f requency  
of the no i se  band used  fo r  exposu re .  Ra the r ,  the f r e -  
quency region of TSmx was  five to s ix  oc taves  above the 
c e n t e r  f requency  of noise .  

2. Recovery from TS 

The r e c o v e r y  cu rv es  fo r  90 Hz at  a l l  t h r e e  exposu re  
l eve l s  and for  2, 0 kHz at  the 120-rib exposure  level  a re  
shown in Fig.  5. The cou r se  of r e c o v e r y  was  fol lowed 
until  it appea red  to s tab i l i ze .  All  TSs at  90 Hz c o m -  
ple te ly  r e c o v e r e d  within 48 h pos t exposu re .  The t ime  
cons tan t  fo r  r e c o v e r y  at  90 Hz for  the 120-dB exposu re  

TABLE ti. 'i'll(,' first time constants In hours for growth and recovery of TS. 

63 Hz 
Exposure 'band' 

1000 Hz 

Test fr(:quency Exposure level First  time con- Test frequency 
(kllz) [dB SPL (dBA)] stant (h) (kHz) 

Growth 0.09 120 (94) ~ 36 1.4 
1.4 
1.4 

Recove~'v  O. 09 120 (94) 12 I. 4 
t20 (94) 72 1.4 

1 .4  

Exposure leve l  
[dB s P L  (dSA)l  

7S (75) 
8 5 ( 8 5 )  
95 (95) 

es (as) 
9 E (~b) 

F i r s t  t i m e  con-  
st~ant ~ )  

< 4  
<4  
< 4  

12 
24 
36 
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w a s  abou t  12 h ( see  T a b l e  II). T h e  a v e r a g e  T S s  a t  1 . 4  
and  2 . 0  kHz fo r  the  1 2 0 - d B  e x p o s u r e  o v e r  t h e  l a s t  t h r e e  
d a t a  p o i n t s  (days  22, 24, and  26) a r e  g i v e n  in T a b l e  III. 
T h e s e  s h i f t s  a r e  i n t e r p r e t e d  a s  p e r m a n e n t  t h r e s h o l d  
s h i f t s  (PTSs ) .  A s  c a n  be s e e n ,  t he  m a x i m u m  P T S  w a s  
16 dB at 2 . 0  kHz .  T he  t i m e  c o n s t a n t  of  r e c o v e r y  a t  
2 . 0  kHz w a s  abou t  72 h ( see  T a b l e  IS). It  i s  i n t e r e s t i n g  
tha t  the  t i m e  c o n s t a n t  f o r  r e c o v e r y  a t  2000 Hz w a s  s i x  
t i m e s  l a r g e r  t h a n  a t  90 Hz fo r  t h e  s a m e  e x p o s u r e  l e v e l ,  
i n d i c a t i n g  a v e r y  r a p i d  r e c o v e r y  a t  t he  low f r e q u e n c i e s .  
T h i s  i s  p a r t i c u l a r l y  i n t e r e s t i n g  c o n s i d e r i n g  t he  v e r y  
s low g r o w t h  p a t t e r n  found a t  90 Hz.  T h e  t h r e s h o l d s  f o r  
:~I[ o t h e r  f r e q u e n c i e s  c o m p l e t e l y  r e t u r n e d  to p r e e x p o s u r e  
l e v e l s .  

'FABLE IIL "ihreshold shif ts  in dB 
following three  days of exposure  to 
oet=~ve-b~ml noise cen tered  at 63 t lz 
at 120 dB Sl)lJ (94 dBA) :rod to octave-  
bm~d noise centered /it 1000 Hz at 
95 dB SI>L (95 dl~A). Each value is 
the average  shif t  found over  the las t  
thre~: (lay~ tcsted~ averaged  over  days 
22, 24~ lind ',30 pos texposure  for the 
63-1tz (+'xposure and days 19, 25, and 
30 I)OStCxposure for the lO00-]lz ox-  
t)osure. 

I" ruqucncy (kliz) i . 4  2.0 

63 Ilz 
EXl)OSU re b:ul(t l i  16 

1.ooo ttz 
l':xpt~su r*' l)imd 6 ~.| 
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C. E x p o s u r e  to  octave-band noise centered at 1000 Hz 

1. Growth o f  TS 

The accumulat ion of TS 4 at 1.4 kHz, one-ha[ f  octave 
above the center  f requency of t h e l . 0 - k H z  band, is de- 
picted in  F i g .  6 .  B o t h  the  T5 dB S P L  and  t he  8 5 - d B  e x -  
p o s u r e s  r e a c h e d  a s y m p t o t i c  l e v e l s  in  abou t  24 h.  L i t t l e  
c h a n g e  w a s  f o u n d  a f t e r  t he  f i r s t  4 h of  e x p o s u r e  a t  t h e  
T 5 - d B  e x p o s u r e  l e v e l  w h i l e  t h e r e  w a s  a 1 0 - d B  i n c r e a s e  
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FIG. 6. Growth of threshold  Shift at I .  4 kHz during exposure  
to octavo-band no l se  with a cen ter  frequency of I000 Hz at 
three  exposure  l e v e l s .  



464 C.K.  Burdick et a/.:  Threshold shifts in chinchillas 464 

O 

w. 

o 

-r 

o 

o -e 

10(] 

90 

8c 

7C 

6(] A|S4=I"  

SC 

4© 

3C 

2C 

IC 

Q m¢ ~ t , 

, • - I ,jo z;° 40 50 60  70  1O 

SPL OF OCTAVE-BAND NOISE CENTERED 
AT 1.0 kHz 

FIG. 7. The relationship between threshold shifts at a~ymp- 
tote for a tone of 1.4 kHz and the level of an octave-band noise 
centered at I000 Iiz. 

in TS4 between 4 and 24 h at the 85-dB exposure  level .  
The levels  at ATS4 calcula ted  by averaging  the TS4 found 
at 48 and 72 h was 19.0 dB for  the 75-dB exposure  con-  
dition and 42.5 dB for  the 85-dB exposure  condition.  
The t ime constants  for  the growth of TS 4 at 1.4 kHz for  
the 75- and 85-dB exposu re s  w e r e  l e s s  than 4 h for  both 
exposures  (see Table II). Since t e s t s  were  not done 
p r io r  to the 4-h  exposure  t ime ,  the exact  value of the 
t ime cons tants  a r e  unknown. It is not c l ea r  whether  
TS 4 in the 95-dB condition r eached  asymptote .  How- 
ever ,  it s e e m e d  reasonable  to a s s u m e  that asympto te  
could be c lose ly  approximated  by averag ing  TS4 for  48 
and 72 h. This yielded ATS4 of 57.5 dB. The t ime con-  
stant for this ATS 4 was slightly less than 4 h (see Table 
U). 

It has been proposed that the level of ATS4 for the 
chinchilla grows linearly at a rate of about I. 7 dB for 

each dB of exposure-band level "above a certain frequen- 
cy dependent level (Carder and Miller, 1971, 1972; 
Mills, 1973; Mills and Talo, 1972; Mills, Tal0, and 
Gordon, 1973; Saunders, Mills, :rod Miller, 1977). 
Fitting a regression line to the three levels found for 
the 1.0-kIIz exposures at 1.4 kHz reveals .'t rate of 
growth of i. 9 dB and a subtractive constant of 64 dB. 
This mea,s that for every dB increase in exposure level 
above 64 the level at ATS4 will increase by 1.9 dB. 
This is shown in Fig. V. This agrees with the previous 
data. In fact, ;~ 3-dB increase in the ATS 4 of the 75-dB 
~,xposurc level  (m~ inc rease  withil~ tile m e a s u r e m e n t  
~)rror) would produce a const:mt of 1.7 dB. Although 
less  .~traightforward, it appea r s  that the sh i f t s  at 90 Hz 
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found with the 63-Hz e x p o s u r e s  a lso  c lose ly  follow these  
values .  

The leve ls  of TS at each  of the eight audiogram f r e -  
quenc ies  a / t e r  the t h r e e  72-h exposu re s  a re  shown in 
Fig.  8. The l a rg e s t  sh i f t s  w e r e  found be tween  1.0 
and 2 .0  kHz with the TS=~ at 1 .4 kHz for  the 75- and 
85-dB e x p o s u r e s  and at 2 .0  kHz for  the 95-dB exposure .  
T h e r e  was a lso  m o r e  TS at 63 Hz and 90 Hz than at 125 
Hz in all condi t ions .  The l eas t  amount of TS was shown 
at 125 Hz in all e x p o s u r e s .  The r ea son  for  this  is  un- 
known. Genera l ly ,  these  data r e s e m b l e  those  found by 
o the r s  with exposu re  noise  bands  c e n t e r e d  at 500 Hz 
and 4000 Hz (Carde r  and Mi l le r ,  lg71, 1972; Mil ls ,  
1973). 

2. Recovery from TS 

The co u r s e  Of r e c o v e r y  f r o m  ATS 4 at 1 .4 kHz is shown 
in Fig .  9. T h r e s h o l d s  comple te ly  r e c o v e r e d  in two to 
five days a f t e r  t e rmina t ion  Of the exposure  at the 75- 
and 85-dB leve l s .  At 30 days pos t exposu re  t h e r e  was 
s t i l l  TS evident  a f t e r  the 95-dB exposu re .  The re  was ,  

as  shown in Table  HI, a PTS of 6 dB at 1 .4 kHz and a 
PTS of 9 dB at 2 .0  kHz. The  t ime  cons tan t s  fo r  r e -  
covery  for  the 75-,  85-,  and 95-dB ex p o s u re  leve ls  were  
12, 24, and 36 h, r e s p e c t i v e l y  (see Table  II). ~ 10-dB 
i n c r e m e n t  in exposure  level  p roduced  a 12-h i n c r e m e n t  
in t h e  t ime  cons tan t  fo r  r e c o v e r y .  The level  of r e cove ry  
fo r  the gS-dB exposu re  was  e s s e n t i a l l y  cons tan t  a f te r  
four  days .  
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EXPOSURE LEVELS 
o 7S dB SPL (75 d l A ) . / ~  

.090 

.063 .125 .5 1.0 1.4 2.0 4.0 

FREQUENCY IN kHz 
Threshold shift~ betweea 0.063 and 4.0 kHz after a 

throe clay exposure to octave-band noise with a center frc~luen- 
cy of 1000 HZ at three exposure levels. 
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D. Comparison of the two exposure bands 

The growth of TS to the I000 Hz noise band  was ap-  
pareu t ly  muct~ m o r e  r ap id  than to the 63 Hz noise  band.  
Th i s  was tru(, ;it l eas t  for  the deve lopmen t  of TS at the 
half oc tave  al)ov(~ the exposure  bands .  The t ime  con-  
st:rot for  the growth of TS at 90 Hz for  an e x p o s u r e  level 
of 120 dB SPI, (94 dBA) was m o r e  than nine t i m e s  l a r g -  
e r  than the t ime  cons tan t  at 1400 Hz at 95 dB SPL (95 
dBA). Th i s  is a la rge  unexpected  d i f f e rence  for  two 
noise bands  having only a 1 dBA d i f fe rence .  Unfor -  
tunately,  the hitch fr(~luencies we re  not m o n i t o r e d  dur ing  
the growth phase  of the 63- l l z  e x p o s u r e s .  Consequen t ly ,  
the i),rowth c h a r , t c t e r i s t i c s  at those  f r e q u e n c i e s  a r e  not 
I +. U O W  I I .  

The h igh- f requency  TS p roduced  by the l ow- f r equency  
exposure  wits much s lower  to r e c o v e r  than any of the  
TSs produced by the h igh - f r equency  e x p o s u r e .  The  
t ime  const ;mt  [or  re! :overy at 2 .0  kHz for  the 63-Hz 
exposure  aL 120 dB SPL (94 dBA) wits twice that  at 1 .4  
kHz for  the 1000-1Iz exposure  at 95 dB SPL (95 dBA). 

Witt~ reKard to the hea r i ng  Loss i n c u r r e d  by exposu re  
to the noim, bands ,  t i t t le  or  no TS and no PTS was found 
for  the 63- t lz  band exposu re s  at  100 dB (74 dBA) and at 
110 dB SPL (84 dBA). Modes t  '.tmounts of TS and no 
PTS were  found for  the 1000-Hz band  e x p o s u r e s  at  75 
dB SPL (75 dBA) and at 85 dB SPL (85 dBA). However ,  
TS and PTS were  produced by both noise  bands  at t h e i r  
highest  l eve l s .  Although the amount  of TS at 1 .4  and 
2 .0  kHz produced by the 1000-Hz band was  20 dB g r e a t e r  
than that produced by the 63-Hz band,  the  63-Hz ex -  
posu re  produced n e a r l y  twice  the PTS as did the  1000- 
Hz exposure .  (See Figs .  4 and 8, and Tab le  l I I . )  

III. DISCUSSION 

The mos t  i n t e r e s t i n g  f inding.was the  h igh - f r equency  
hear ing  loss  p roduced  by the low-f requency  noise .  W e  
propose  that  non l i nea r i t i e s  caused  by o v e r d r i v i n g  one 
o r  all of the componen ts  of the audi tory  s y s t e m  (e. g . ,  
middle ear ,  bmsi lar  m e m b r a n e )  p roduced  the  h i g h - I r e -  
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FIG. 9. Recovery of thresh- 
old shifts at 1.4 kHz over 
the 30-day period following 
the three-day exposures to 
octave-band noise with a 
center frequency of 1000 
Hz at three Levels. 

2 2  2 4  26  2 1  30  

quency sh i f t s .  The  exac t  n a t u r e  of the  m e c h a n i s m  
awai t s  f u r t h e r  s tudy.  The  ef fec t  a p p e a r s  to have a r a t h -  
e r  s teep  level  dependency as  ev idenced  by the  a l m o s t  
comple te  'absence of ef fec t  a t  the  100-rib SIaL (74 dBA) 
and  l l 0 - d B  SPL (84 elBA) exposu re  l eve l s  and the  ab-  
rupt  TSs and r e s u l t a n t  PTSs  found wi th  the 120-dB SPL 
(94 dBA) exposu re  Level. T h e s e  da ta  a r e  qui te  d i f fe ren t  
f r o m  those  found by o t h e r s  with  bands  of no ise  having  
h igher  c e n t e r  f r e q u e n c i e s .  The  da ta  for  the  t h r e e  ex -  
p o s u r e s  with  the noise  band  c e n t e r e d  at  1000 Hz w e r e  
c o n s i s t e n t  with  p r ev ious  da ta .  A n o t h e r  i n t e r e s t i n g  
f inding was tha t  the s u b s t a n t i a l l y  l a r g e r  TS produced  
by the 1000-Hz e x p o s u r e  r e s u l t e d  in a s m a l l e r  PTS 
than tha t  p roduced  by the  63-Hz exposu re .  F u r t h e r  i n -  
ve s t i ga t i on  is  obvious ly  needed to v e r i f y  t he se  r e s u l t s  
and to c l a r i fy  the  g rowth  and r e c o v e r y  c h a r a c t e r i s t i c s  
of exposu re  to h igh - in t ens i t y ,  l ow- f requency  noise .  

The  p r e s e n t  f ind ings  a r e  sugges t i ve  of low- f requency  
noise  be ing  an ins id ious  cause  of h igh - f r equency  hea r ing  
loss .  Th i s  i s  of p a r t i c u l a r  i m p o r t a n c e  s ince  DRC a r e  
spec i f i ed  in A - w e i g h t e d  l e v e l s .  Our  r e s u l t s  ind ica te  
tha t  the  u s e  of A - w e i g h t e d  l eve l s  to p r e s c r i b e  " s a f e "  
audi tory  e n v i r o n m e n t s  may be  i n a p p r o p r i a t e  to  a r e a s  
with  i n t ense  low- f requency  componen t s  p r e s e n t .  Not 
only do the p r e s e n t  f indings  ind ica te  a h igh - f r equency  
h a z a r d  f r o m  low-f requency  noise ,  bu t  a l so  tha t  the tow- 
f r equency  no ise  may b e  more  hazardous than h i g h - f r e -  
quency noise  hav ing  equa l  A - w e i g h t e d  l eve l s .  At the  
exposu re  leve l  tha t  p roduced  PTS,  the  83-Hz  no ise  band 
was 1 dB lower in l eve l  when  m e a s u r e d  in dBA than  the  
1000-Hz no i se  band,  i . e . )  94 v e r s u s  95 dBA r e -  
spec t ive ly ,  and the  63-Hz no ise  band  p roduced  nea r ly  
twice  the PTS of the 1000-Hz noise band. This demon- 
strates that, contrary to the dictates of DRC using A-  
weighted levels ,  all sounds with equal A-weighted levels  
may not be equally hazardous. The adequacy of the 
A-weighting scheme to depict all noise hazards has also 
been questioned by Cohen, Anticaglla, and Carpenter 
(1972) in relation to noises with various sloped spectra. 

The argument can be raised that the effects found are 
appropriate for chinchil las only, and should not be ex- 
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t rapol:tted to m:tn. Cer ta in ly  this ts t rue  for  our r e su l t s  
its for ;ttly sit,fly using ;Ul anilll;ll n.~(l(~l~ lu ter~lls of 
low-fre(lU~n('y noise producing high-froqu(,m~y hear ing  
toss ,  ,l(,rl;cr ~,1 rtl. (1966) cxpos(,d hulmtn:~ to tol|(,s 
ranging in f r e q u e n c y  fronl 2 te 22 llz :It levels  of 119- 
144 dB SI)I,, The subjec ts  r ece ived  up to s even  3- 
man eXl)OSUres sel):~r,~ted only I)y 3 tr:l('kiny, uudi{)- 
~f, r l l n l  [ a k e l l  i l l  the exposure  ro()nl. T(mll)or:try t h r e s h -  
old shi f ts  ( 'rTSs) were  found in l l  of 19 sub jec t s .  All 
' rTSs occu r red  between 3 .0  and 8 .0  kll, z .  This  shows 
I,hat the effect  ix not eotffined t.t~ the (~hitlchilltt but ;also 
occurs  in nmn. The ques t ion  of level emmet be all- 
swered  as yet.  With the exception of one subjec t ,  all 
TTSs found by J e r g e r  el  a l .  w e r e  produced by levels  
from 137 to 141 d13 SPL.  We do not yet know the r e -  
sponse  of tlw human ea r  to the 63-1tz band of noise  at 
the levels  used with the eh inchi lh ts .  

In conclusion,  it appea r s  highly prob~fl)le that high- 
fre(lueuey he~lriug loss  can be produced in man by low- 
fr('queucy sounds and that the use of A-weighted  levels  
to specify DItC for  all noise  s o u r c e s  may be inappro-  
pr ia te .  The p r e s e n t  f indings r a i s e  questiot)s  c o n c e r n -  
ing the e l l ec t s  of exposure  to h igh- in tens i ty ,  l o w - f r e -  
quency noise and provide  suHieient  foundation lo r  fu r -  
ther  study and concern  fo r  the adequate recogni t ion ,of  
a potential  health hazard .  
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